Introduction
European starlings (Sturnus vulgaris) often congregate by the thousands at Concentrated Animal Feeding Operations in the United States (Linz et al., 2007) . These birds are considered nuisance pests because they eat large amounts of livestock feed and contaminate the farm environment with excrement (Pimentel et al., 1999) . Moreover, these birds are aggressive and often displace native species of birds. European starlings (henceforth starlings) cause at least $800 million in agricultural damage in the USA, annually (Pimentel et al., 1999 (Pimentel et al., , 2005 . If we add the public health costs associated with the potential starlings have of being vectors in transmission of foodborne bacteria, the resulting economic impact of this species could be even greater. Wild birds indeed harbour foodborne pathogens, such as Escherichia coli O157:H7 (E. coli O157), Salmonella spp., Campylobacter jejuni and Listeria spp; however, the extent to which birds contribute to the epidemiology of foodborne pathogens in cattle is unknown (Luechtefeld et al., 1980; Fenlon, 1985; Quessy and Messier, 1992; Pimentel et al., 1999 Pimentel et al., , 2005 Daniels et al., 2003) .
Results from recent studies support the hypothesis that birds, in particular starlings, play a crucial role in dissemination of foodborne bacteria among dairy farms (Wetzel and LeJeune, 2006; LeJeune et al., 2008) . LeJeune et al. (2008) study, conducted on five dairy farms in Ohio, showed that 2.2% of starlings and 2.6% of cattle were positive for E. coli O157 (LeJeune et al., 2008) . In addition, starlings captured and radio tagged at five farms (and at surrounding dairy farms) indicated strong site fidelity, with many of the radio-tagged birds returning daily to the same farm from late summer through early fall (Homan, 2011) . Moreover, indistinguishable restriction endonuclease digestion profiles (REDPs) of E. coli O157 were isolated from wild bird excreta collected in two geographically distant (32.5 km apart) dairy farms on the same sampling date (Van Donkersgoed et al., 2001; Wetzel and LeJeune, 2006) . This suggests that wild birds may be transmission vectors in dissemination of E. coli O157. These results have led us to hypothesize that farms with large numbers of starlings will have greater E. coli O157 prevalence than farms with low numbers of starlings. Our study's objectives were to determine whether the prevalence of E. coli O157 in dairy cattle was associated with (i) the presence of on-farm populations of starlings, (ii) differences in farm management practices and (iii) on-site environmental variables.
Materials and Methods

Sample size estimation
This study was not intended to determine the prevalence of E. coli O157 in our study population but the effect of risk factors associated with the occurrence of E. coli O157 in cattle faecal samples. Thus, the determination of the number of farms and the number of samples per farm was based on the hierarchical structure of the data (Dohoo et al., 2009 ). Our sample size was estimated based on the assumptions of E. coli O157 prevalence in the study area, a tendency towards clustering of E. coli O157 status among samples on farms and our intention to statistically detect differences in the prevalence of 8% and 4% between farms with and without bird infestations, respectively. Recognizing the impact of auto-correlation among samples from the same farms, we assumed an intra-class correlation coefficient (ICC) of 8% in our sample size calculation. Assuming a type I error of 5%, and the above prevalence and ICC estimates, 150 farms with 30 faecal pat samples per herd were estimated to provide >80% power to detect a significant difference between groups.
Farm recruitment
Dairy farms were selected from the Ohio Commercial Grade A listing of producers. Farms were recruited from counties of higher dairy cattle density, to minimize travel time and expense. Farmers were contacted by telephone requesting their participation in the study, and based on their willingness to participate were recruited until the required sample size was obtained. Criteria for participation included a minimum of 30 lactating cows and willingness to complete a questionnaire on farm management practices. The recruited farms were from 32 counties in northern Ohio, USA. The period of recruitment of farms to participate in the study began in June 2007 and continued until all farms (n = 150) were enrolled (September 2009).
A repeated cross-sectional design was employed. Each farm was visited twice, with an average of 88 days between visits (range = 35-454 days), with the exceptions of one farm that was visited once and another farm that was visited on three occasions. These visits took place during the summer and fall months of 2007-2009 with the timing of sampling as follows: 31 farms were sampled in 2007 between 12 June and 16 November; 54 were sampled in 2008 between 3 June and 14 November; and 65 were sampled in 2009 between 1 June and 20 October. Visits were performed during summer and early fall to exploit the predicted bovine peak in E. coli O157 prevalence and the period when starlings start congregating in large flocks and visiting farms. Upon arrival at the farm (time range: 8:30-16:40 h, the peak daily activity period of starlings), one to three observers recorded the number of starlings in barns, feed storage and manure storage areas during four 5-min periods spaced evenly over a 1-h observation period, following a standard protocol recommended by research partners from the USDA National Wildlife Research Center (Great Plains Field Station, Bismark, ND, USA). The final count recorded for each farm was based on the highest number of birds recorded among these recording periods. Training of personnel used for bird counts was done beforehand and consisted of instructions on recognizing starlings and differentiating them from other avian species.
Sampling
Fresh faecal pats samples of approximately 25 g were collected from the first 30 milking cows that were observed defecating at the time of each visit. Each faecal pat was stirred, collected and stored in WhirlPak bags using sterile tongue depressors. Samples were stored on ice during transportation to the laboratory.
Faecal sample processing
Buffered peptone water at a ratio of 1 : 10 was added to ten grams of bovine faecal samples and homogenized in a laboratory stomacher for 30 s at five strokes per second and incubated at 37°C for 18-24 h for enrichment. Escherichia coli O157:H7 present in any 1-ml aliquot of the overnight culture, along with a positive control, was concentrated with anti-O157 immunomagnetic beads (Dynal, Oslo, Norway). Seventy-five microlitre of bead mixture was plated onto sorbitol-MacConkey agar plates containing cefixime (50 ng/ml; Sigma Chemical Co., St. Louis, MO, USA) and potassium tellurite (2.5 mg/ml; Sigma Chemical Co.) (CT-SMAC) and incubated for 18 h at 37°C. Up to five suspected colonies (white colonies) per sample were transferred from CT-SMAC to E. coli 4-methylumbelliferyl-b-D-glucuronide agar (EC Mug; EC media: Neogen-Acumedia Manufacturers Inc., Lansing, MI, USA; MUG: Biosynth AG, Staad, Switzerland) plates and then incubated for 24 h at 37°C. MUG negative (not glowing colonies) isolates were transferred to MAC plates and incubated for 24 h at 37°C. A latex agglutination assay (Oxoid Ltd., Nepean, ON, Canada), for the detection of the O157 antigen, was used to confirm lactose positive isolates (purple colonies). Up to two isolates from each positive sample were then stored at )70°C in a solution with 30% buffered glycerol. Cultures of stored samples were recovered on CT-SMAC plates, incubated at 37°C for 18-24 h and then stored at 4°C for molecular analysis. Escherichia coli O157:H7 suspect colonies were tested by PCR for the presence of rfbE. Isolates confirmed as E. coli O157 by the presence of the rfbE gene were subsequently subtyped by multiple-locus variable-number tandem repeat analysis (MLVA) (Williams et al., 2011) .
Questionnaire
A questionnaire was developed and administered to the farm owner or manager during a face-to-face interview at the time of the first visit. The questionnaire, pre-tested during the early stages of the study while gathering information on farms included in the study, was written in English, and consisted of closed and open-ended questions. Closed questions (e.g. checklist) were asked to gather information pertaining to areas where birds concentrate, and about management and infrastructure of the farm. Open-ended questions (e.g. fill in the blank) were used to capture numerical data on a continuous scale on demographic characteristics and on the number of birds observed on farms. Numerical data were exported and treated as continuous variables in the dataset. When ranges were provided instead of single values, the midpoint of the range was used.
Validation of the questionnaire was performed for questions pertaining to time-invariant characteristics (e.g. type of barns, type of ventilation systems), by assessing the repeatability of the questionnaires that were administered twice. However, for time-variant predictors, such as the concentration of birds observed on different areas or the number of animals on site, responses could not be compared between visits, but they were collected by the researcher and not dependent on farmer's responses.
Information was collected on the following general areas: farm management practices, bird infestation and environmental characteristics of the farm (available upon request to the corresponding author). The questionnaire was broken into seven sections and gathered the following information: 1 Demographic data: herd size, number of calves, heifers and milking cows, and the presence and the number of other domestic and wild animals. 2 Bird data: most common species of birds seen, number of starlings in barns, on farms and on fields, and distance from closest known night roost site.
3 Perception of bird activity: if starlings were considered a problem on the farm, in which season they were present, peak activity period, preferred location for starlings, and the presence of starling nesting sites. 4 Farm management/facilities: number of barns, type of calf housing, roof structure, ventilation system, type of stall bedding, cattle additions, contact between adult and young animals. 5 Feeding practices: type of feed and feed storage. 6 Manure management: type of storage and frequency of removal. 7 Environmental variables: water sources on farm and temperature and precipitation on the day the questionnaire was given.
Data management: exclusions
Of the total 9030 individual observations included originally in the dataset, 90 observations corresponding to faecal pat samples collected from heifers were collected unintentionally. These samples corresponded to both visits from one farm and to the first visit of the farm that was sampled three times. Only samples from milking cows were collected and analysed (with the exception of the 90 samples mentioned above), given the majority of the study farms raise their calves off-site. Thus, a total of 8940 observations from 149 farms were utilized in the risk factors analyses.
Statistical analyses
Associations between bird infestation, environmental, housing and management variables identified in the farm survey, and the proportion of E. coli O157-contaminated faecal samples from cattle were modelled using a multilevel logistic regression model with random effects to control for clustering of cattle nested within visits within Starlings and E. coli O157 Prevalence at Dairies farms. Mixed-effects models were fitted using adaptive quadrature with the 'xtmelogit' command (Rabe-Hesketh et al., 2002) in Stata 11 (StataCorp LP, College Station, TX, USA).
We examined all the variables in a univariable screen of fixed effects using logistic regression models with random intercepts for county, farm and visit. Owing to the very small variance component found for county (variance range: 1.0 e )18 -1.0 e )21 ), this random effect was removed from the model; thus, the univariable analysis used mixed-level logistic regression models with random intercepts only for farm and visit. The linearity assumption between the log odds of the outcome and continuous predictors was assessed using graphical methods (i.e. lowess smoothing of the logit of the outcome on the continuous predictor). If the assumption was not met, depending on the shape of these relationships, the predictor variable was categorized unless it was more appropriately transformed (e.g. natural logarithm) or modelled with the addition of a quadratic term (Dohoo et al., 2009 ). Furthermore, a pair-wise correlation analysis was performed among all the variables significantly associated with the outcome at the 40% level in the univariable analysis. We used the Spearman's rank correlation statistic to identify possible collinearity between variables. If the value of the correlation statistic between two presumably independent variables was |0.8| or greater (Mason and Perreault, 1991) , only one of the variables was selected for inclusion in the multivariable model based on its biological plausibility or completeness and quality of collected data (Dohoo et al., 2009) .
During model building, an initial main effects model was built that included all predictors in the univariable analysis significantly associated with the outcome at the 40% level (P £ 0.40). A manual backward elimination procedure was then conducted until only statistically significant (P £ 0.05 based on the Wald chi-square test) main effects and confounding variables remained. On the basis of our causal diagram (Fig. 1) , bird infestation, represented by variables like number of birds and number of starlings per milking cow (estimated as the number of starlings counted during the farm's visit divided by the total number of milking cows) could be considered either primary predictor variables or intervening variables if they could intervene in the causal pathway between farm management or environmental variables and the predicted outcome. In the latter case, these bird-related variables should not be included with other management and environmental variables in the multivariable model because the true causal effects of the variables earlier in the causal pathway would not be estimated correctly (Dohoo et al., 2009) . Consequently, we explored multivariable models that both included and excluded bird-related variables. During the removal of statistically non-significant variables from the initial main effects model, we evaluated the potential confounding effect of these variables. A confounding variable was defined as any non-intervening variable that resulted in a ‡20% change in the coefficient of a statistically significant variable after removal (Dohoo et al., 2009) . Additionally, we considered the following variables, based on a priori consideration of our causal model ( Fig. 1) , as potential confounders and interaction terms for all models: season (summer and fall), total number of milking cows and region (North-west, Northcentre and North-east). Type of feed storage (e.g. silos, bagged, bunkers), type of feed (e.g. TMR, silage, grazing), location of feeding (e.g. inside or outside the barn or Starlings and E. coli O157 Prevalence at Dairies ª 2012 Blackwell Verlag GmbH both), type of manure storage (e.g. lagoon, pile or their combination), frequency of manure removal (e.g. every milking, daily, other) and water sources (e.g. lagoon, pond, river, stream, other) were considered a priori confounders of the models that included bird-related variables. All possible two-way interaction terms between all predictors significantly associated (P £ 0.05) with the outcome in our main effects model (and between these predictors and confounders established a priori) were added individually to the main effects model and tested for statistical significance at the 5% level. Main effects that were part of significant interaction terms (P £ 0.05) would have been retained in the model regardless of their individual levels of statistical significance. Diagnostics of residuals from the final multivariable model included the estimation and analysis of predicted values of the random effects (i.e. farm-and visit-level residuals) in the model (known as best linear unbiased predictors or BLUPs), and Pearson and Deviance residuals for observations at the lowest level (i.e. bovine samples). Normal quantile plots of BLUPs and residual plots were visually examined to assess general model fit and to identify potential outliers and influential observations (Robinson, 1991) . Extreme observations were first evaluated for recording error and were then assessed for changes in the interpretation of our models if removed. Finally, odds ratios (OR) and their respective 95% confidence intervals were estimated for predictors included in the final multivariable model. Additionally, we estimated the per cent of variation in the outcome explained at the visit and farm levels for the final models using a latent variable technique (Dohoo et al., 2009) .
Results
Characteristics of cattle and bird populations on study farms
The median herd size of our study farms was 175 animals (IQR = 100-315), while the median number of milking cows present was 70 (IQR = 32-154).
A total of 86 of 8940 (1%) bovine faecal samples tested positive for E. coli O157. By season, 70 of the 86 (81%) positive samples were collected in summer (June-September) and 19% (16/86) were collected during fall months (October-November). At the farm level, 35 of the 149 (24%) dairy farms had at least one cow testing positive for E. coli O157.
Twenty-nine and 23 of the 35 E. coli O157-infected farms had a visible number of birds and starlings at the time of the visit (at least one bird counted at the time of the visit), respectively. The median number of birds counted on E. coli O157 positive farms was 20 (IQR = 10-100, range = 0-4000), whereas the median number of starlings was 8 (IQR = 0-50, range = 0-3000) ( Table 1) . In contrast, the number of non-positive farms (n = 114) that had 0 starlings and birds counted was 31 and 10, respectively. The median number of starlings counted on non-positive farms was 10 (IQR = 0-50, range = 0-3000), whereas the median number of birds was 50 (IQR = 10-125, range = 0-4000). Ninety-four dairy producers (63%) stated that the presence of starlings was a problem. We found at least one starling on 114 (76%) farms at the time of any of the visits, and 74 (65%) of these owners stated that starlings were a problem. Further, farmers in 17 of the 35 (49%) E. coli O157 positive sites and in 72 of the 114 (63%) negative farms considered starlings a problem. Based on the occurrence percentage at our study sites, the following bird species were predominant: starlings, house sparrows (Passer domesticus) and barn swallows (Hirundo rustica), followed by cowbirds (Molothrus ater), pigeons (Columba livia), doves (Zenaida macroura), gulls (Laridae) and killdeer (Charadrius vociferus) (Table 1) .
Four night roosting sites were identified in the study catchment area and were used by starlings, as well as by other bird species. The median distances between our study farms and any of these night roosts were £58 km (Table 1) .
Risk factor analysis
Variables significantly associated with the probability of a sample testing positive for E. coli O157 in the univariable analysis (P £ 0.40) included the following: number of birds per milking cow, number of starlings per milking cow, contact between adult cattle and calves, the presence of calves on farm, number of ventilation systems used on the farm, type of manure storage, frequency of manure removal and distance from the closest roost site to the farm ( Table 2 ). The number of birds per milking cow and number of starlings seen in fields, on farm and in barns were all highly correlated (Pearson's rho r ‡ 80%) with the number of starlings per milking cow, so only this latter variable was used in our multivariable models.
The final multivariable mixed-effects model that excluded bird-related variables included the following variables: contact between adults and calves, type of manure storage and number of ventilation systems (Model 1; Table 3 ). The odds of having an E. coli O157 positive sample were significantly greater on farms where there was contact between adults and calves (Table 3) . Furthermore, the prevalence of E. coli O157 in bovine faecal samples was significantly greater on farms that used either manure piles or lagoons compared with farms that used a combination of manure storage systems (Table 3 ). The question included in the questionnaire pertaining to ventilation systems consisted of a closed, checklist-type of question, which aimed to specify all types of ventilation systems present on the milking barn(s). Associations between the most common types of ventilation systems and the probability of a faecal sample to be positive to E. coli O157:H7 were assessed. Doors and open-sided barns, which were reported most frequently, individually and in combination with other systems (for instance, 'doors' was included in 14 of the 18 combinations of ventilation systems provided in the farmers' responses), were tested (as dichotomous variables) as separate covariates. These variables were characterized by the presence-absence on the farm and were modelled both singly and in conjunction with other ventilation systems, if present. However, they were not significantly (P < 0.05) associated with the outcome in the bivariable and multivariable analyses. Given that in the majority of cases, more than one ventilation systems was employed, the number rather than type of system was categorized and modelled as a polychotomous variable. The variable pertaining to the number of ventilation systems was not statistically significant (P < 0.05) but acted as a confounding variable, and hence, it was included in the final multivariable model. However, based on contrasts, the odds of a bovine faecal pat sample testing positive for E. coli O157 were significantly reduced on farms that used two types of ventilation systems compared with farms that used three or more types of ventilation systems (Table 3 ).
In the second multivariable model, which included bird-related variables, we found that for each unit increase in the number of starlings per milking cow, the odds of a faecal pat testing positive for E. coli O157 increased almost 1.3 times (Model 2; Table 3 ). The other management and environmental variables had similar measures of association in this model compared with the model that excluded bird-related variables (Model 1 versus Model 2; Table 3 ).
For the model without the inclusion of the bird infestation variable, the proportion of variation in the outcome explained at the visit and farm levels was 46% and 2%, respectively. When the number of starlings seen on farm per capita (i.e. per milking cow) was included in the model, the proportion of variation explained at the visit and farm levels was 31% and 14%, respectively (Table 3) . Visual assessment of residuals did not identify any potential outliers or highly influential observations on our final multivariable models.
Discussion
This is one of the first prospective studies to study the potential role that wild birds (and in particular, starlings) play in the epidemiology of E. coli O157 in dairy cattle. The number of starlings per milking cow, among other farm management factors, was significantly associated Table 3 . Multivariable mixed-effects a logistic regression models for the association between farm management and environmental variables and the presence of Escherichia coli O157 in faecal pats from dairy cattle without (Model 1) and with (Model 2) the inclusion of bird infestation variables from our study of dairy herds in Ohio (2007 Ohio ( -2009 ) , are attracted to livestock facilities. Therefore, the congregation of large numbers of birds around these facilities appears to pose a risk for the spread of pathogens to livestock (Linz et al., 2007; LeJeune et al., 2008) . Our causal diagram predicted that the number of starlings per milking cow might act as an intervening variable in our models. Many farm management variables, including feed, feed storage, manure storage, frequency of manure removal, on-farm water sources and distance to closest roost site, might influence both the presence and the quantity of birds. However, inclusion of the variable pertaining to the number of starlings per milking cow did not have a great effect on the measures of association of farm management and environmental variables in our multivariable models. Our results are supported by the findings of Williams et al. (2011) , who used MLVA to examine the relationships among E. coli O157:H7 isolates obtained from the gastrointestinal tracts of starlings and the faecal pats of dairy cattle sampled from our study farms. Although they were only able to capture starlings from 26 farms, they did identify three indistinguishable allelic groups that contained isolates from more than one farm, and two of these groups included isolates obtained from starlings and cattle isolates (Williams et al., 2011) . The distances among farms sharing a common allelic group were generally consistent with the distances travelled by starlings during this time of year based on a radio-tracking study of these birds from a subset of our study farms (LeJeune et al., 2008; Homan, 2011) . Radio-tracked birds in this study often travelled moderate distances (20 km) between their night roosts and their preferred daytime feeding location/dairy farm where most of their daily activities were confined to a radius of <2 km. The flights of starlings to dairy farms in this area were fairly direct, but returning flights to night roosts in the late afternoon and early evening were less direct and involved stopping at several dairy farms (LeJeune et al., 2008; Homan, 2011) . Although we found no relationship between the prevalence of E. coli O157:H7 in cow faecal pats and the distance to the nearest night roost identified in our study area, more complex spatial analyses concerning the clustering of E. coli O157:H7 positive cow pats around night roosts and other focal points of bird activity may be warranted. We found that 24% of dairy farms and approximately 1% of cow pats tested positive to E. coli O157 in our study area. These results are in accordance with previous studies performed in dairy cattle, where the estimates of herd prevalence ranged from 0.2% to 49% (Dunn et al., 2004; Hussein and Sakuma, 2005) and animal-level prevalence from 2.3% to 8% in adult cattle (Hancock et al., 1998; Cobbold et al., 2004; Kuhnert et al., 2005) . In addition to bird-related variables, the prevalence of E. coli O157 based on our models appears to be associated with the following farm management variables: contact between adults and calves, use of manure piles and the presence of ‡ 3 ventilation systems. In terms of the per cent variation explained at the farm and visit levels, most of the variation in the outcome was explained at the visit rather than farm level. This seems consistent with the intermittent nature in which E. coli O157 is detected on farms.
The relationship between the prevalence of E. coli O157 in milking cattle and contact with younger animals is consistent with the previous epidemiological studies in cattle. In younger cattle, the shedding of E. coli O157 tends to be more frequent, occurs for longer periods of time and at higher concentrations compared with mature animals (Paiba et al., 2003; Synge et al., 2003; Gunn et al., 2007) . Consequently, the presence of younger animals on the farm may act as a reservoir for re-infection of milking animals. Thus, off-site rearing of calves and heifers intended to control production-limiting diseases, such as Johne's disease, may likewise be advantageous for controlling E. coli O157 in milking animals (Hanson, 2005) .
Manure storage areas provide additional foraging opportunities for birds and other wildlife because manure usually contains grains or other foods that were dropped during feeding or were defecated by cattle. Piles could be considered a high-risk method of storing manure compared with lagoons because piles are less confined (i.e. piles can be located in farm yards or fields), may attract wildlife and have no anaerobic decomposition, a process that may reduce E. coli O157 viability. Interestingly, in our multivariable models, there was no significant difference in the prevalence of E. coli O157 among farms with lagoons or piles, but there was an increased risk associated with the use of only one of these approaches compared with the use of multiple management practices. The use of multiple systems for manure management may be a proxy for other factors influencing reduction in E. coli O157 prevalence; for example, it may reflect an increased awareness of biosecurity.
Five types of ventilation systems were used on the study farms including doors, fans, curtains, ridge-vent and open-sided ventilation, with the first three types being in order of most frequently used. Most farms used combinations of two or more of the ventilation systems.
Non-mechanical ventilation systems probably provide easier access for birds to enter and thus should show increased odds for E. coli O157 prevalence. However, in our study, we found that the number of ventilation systems, rather than the type of system, was associated with the prevalence of E. coli O157. Although in our global test the number of ventilation systems was not statistically significant, this variable was a confounder in our multivariable model. Multiple ventilation systems may be related to recent construction or herd expansion with potential negative consequences to biosecurity. Berends et al. (2008) found that the use of mechanical ventilation contributed to an environment that reduced the survival of E. coli O157 (Paiba et al., 2003) . Our models did not support the research of Berends et al., (2008) , showing a farm-site environment less conducive to E. coli O157.
It is important to recognize the limitations of a crosssectional study design when interpreting the results of this study (Dohoo et al., 2009 ). The prevalence of E. coli O157 carriage, and not incidence, was measured; thus, it is difficult to disentangle factors associated with cattle shedding E. coli O157:H7 and factors associated with the duration of E. coli O157 shedding. However, controlling the prevalence would still have an impact on public health.
Our finding that the number of starlings per milking cow was significantly associated with the prevalence of E. coli O157:H7 in dairy cattle, coupled with the isolation of indistinguishable E. coli O157:H7 MLVA subtypes from starlings and cattle on several farms (Williams et al., 2011) and the nature of starling movements among these farms (LeJeune et al., 2008; Homan, 2011) , reinforces our hypothesis that starlings have a role in increasing the prevalence of E. coli O157:H7 among milking cattle and in the transmission of this bacterium among dairy farms. There are still knowledge gaps in terms of the specific role starlings have as vectors of transmission of E. coli O157:H7. Nevertheless, understanding the effect of farm management practices on bird populations may provide more non-lethal tools to manage starling numbers on farms, thus reducing environmental contamination and transmission of E. coli O157:H7 to cattle.
